Objective: The aim of the present study was to develop (phase 1) and validate (phase 2) a screening questionnaire to assess the adequacy of micronutrient intake of economically active South African adults. Design: For identification of indicator foods to be included in the screening questionnaire (phase 1), a comprehensive, eighty-six-item, quantified FFQ that reflected the food sources of thirteen selected micronutrients associated with the nutrition-related health status of South Africans was developed and completed by 554 adults of all four major ethnic groups. Resulting dietary data were subjected to stepwise regression analyses to identify indicator foods to be included in the final screening questionnaire. For validation of frequency of intake reporting of specific food items included in the screening questionnaire (phase 2), a sample of sixty-six African and eighty-four white adult volunteers of both genders completed a 7 d record as well as the screening questionnaire. The frequency of intake of specific food items derived from the two methods was then compared using Spearman correlation coefficients. Results: Phase 1 identified thirty indicator foods that formed the basis of the screening questionnaire. In phase 2, significant correlations were found for the total group for twenty-two out of the thirty items in the questionnaire, with correlations being the best for white females and the poorest for African males and females. Conclusions: A screening questionnaire (thirty-item FFQ) that can be used by researchers and health professionals to assess an individual's risk of inadequate micronutrient intake was developed and validated. Primary prevention (health promotion), as opposed to secondary prevention (risk reduction) and tertiary prevention (treatment and rehabilitation), aims to ensure the health and well-being of groups of people (1) 
Primary prevention (health promotion), as opposed to secondary prevention (risk reduction) and tertiary prevention (treatment and rehabilitation), aims to ensure the health and well-being of groups of people (1) . One of the most important aspects to be addressed in primary intervention initiatives is adequate food intake (quantity and quality) to ensure optimal intake of energy, macro-and micronutrients. Adequate intake of micronutrients, including vitamins and minerals, is important not only to prevent the development of deficiency diseases such as vitamin A deficiency and Fedeficiency anaemia, but also contributes to the prevention of chronic diseases of lifestyle (1) . One method that can be utilized to facilitate the early detection of nutritional imbalances is the use of screening procedures, including dietary evaluations (2, 3) . Screening instruments can be completed by the subject/client or administered by an interviewer/health professional (4) . The purpose of a dietary screening tool is usually not to produce accurate estimates of nutrient intake by individuals or groups, nor to rank or categorise people accurately on that variable. The purpose is rather to identify individuals or groups at risk of low intakes. On the basis of this type of assessment, groups can be monitored to study the association between their health and indicators of dietary intake; or individuals can be counselled or subjected to an intervention programme; or individuals can be subjected to second-stage screening for more precise assessment of dietary intake and nutritional risk before action is taken (2, 4) . Self-administered screening instruments can also be regarded as valuable educational tools in that awareness can be created regarding the adequacy and healthfulness of an individual's dietary intake (3) . The present paper describes the development (phase 1) and validation (phase 2) of a self-or health worker-administered questionnaire for screening the micronutrient intake of South African adults. As self-administration of the questionnaire would require a reasonable level of literacy (reading and writing), the target group for this research was specified to be economically active South Africans, who were assumed to have the required literacy and comprehension level.
Phase 1: development of the screening questionnaire
Methods of phase 1 Following consultation with a panel of three dietary methodology experts, it was decided that the screening questionnaire to be developed should comply with the following criteria: (i) it had to be short and easy to complete without supervision; (ii) it had to reflect usual dietary intake; (iii) it had to be ethnically/culturally sensitive (recognition and accommodation of different South African population groups); and (iv) it had to facilitate the identification of potential problems with micronutrient intake. The expert panel recommended that a short, semi-quantified, FFQ format had the potential to meet these stated criteria.
An FFQ includes a list of food items known to be the major sources of the dietary components (micronutrients) in question (4, 5) . The validity of any FFQ depends largely on the completeness/adequacy of this food list (6, 7) . The expert panel recommended that in order to develop a list of indicator foods to be included in the screening questionnaire, a comprehensive quantified FFQ that included important sources of micronutrients related to common nutrition-related health problems experienced by South Africans should first be developed and tested. The resulting data could then be subjected to stepwise regression analyses to identify the necessary indicator foods.
Compilation of the comprehensive quantified FFQ
To identify micronutrients that needed to be included in the comprehensive list of food items, the main nutrition-related chronic diseases of lifestyle relevant to South Africans were first identified from a South African Medical Research Council report of the Chronic Diseases of Lifestyle Unit (8) . These diseases include hypertension, dyslipidaemia, diabetes mellitus and impaired glucose tolerance, lifestyleinduced cancers, stroke and osteoporosis. Micronutrients that are typically associated with the development/prevention of these diseases include the following thirteen nutrients: Ca, Mg, Zn, Fe, vitamin A, vitamin E, thiamin, riboflavin, niacin, vitamin B 6 , vitamin B 12 , folate and vitamin C (1, 8, 9) . Second, micronutrient deficiencies that are endemic in South African populations, namely Fe and vitamin A deficiencies, were identified from a meta-analysis of dietary surveys (9) as well as national nutritional status surveys (10, 11) . Subsequently, the main sources of the thirteen nutrients were identified from the South African food composition tables (12) and nutrition textbooks (1, 13) . The criteria formulated by Willett (7) were used to guide this process: (i) the food must have a substantial content of the nutrient(s) of interest; (ii) the food should be eaten reasonably often by an appreciable number of the target group; and (iii) the use of the food must vary from person to person. To ensure cultural/ethnic sensitivity (14) , the foods most commonly consumed by the different ethnic groups in South Africa were identified from reports by the National Programme for Nutrition Intervention of the South African Medical Research Council (15) (16) (17) . All of this information was combined to compile a list of eighty-six food items that are commonly consumed by adult South Africans and can be regarded as important sources of the identified micronutrients. Items such as sugar, candy, jams, syrup and energy drinks that are not micronutrientdense were not included in the food list. For frequency of intake reporting, the following response categories were selected based on the evaluation of a number of FFQ (18) (19) (20) (21) (22) (23) : seldom/never, 1-3 times/month, 1-3 times/ week, 4-6 times/week, 1 time/d, 2 times/d and 3 or more times/d. For portion size estimation an average serving size was specified in the questionnaire. These serving sizes were calculated using exchange lists adapted for mean portion sizes reported in South African dietary surveys (15) (16) (17) 24) . In this regard it is important to note that most of the variation in the intake of a food item in an FFQ is explained by frequency of intake and not necessarily by estimated portion size (7) . Accurate frequency estimation should therefore be a key focus in ensuring the validity of dietary data generated using an FFQ.
The resulting draft questionnaire was completed by twenty African and sixteen white South Africans of both genders as a pilot test, after which a few minor changes were made.
Sample for completion of the comprehensive FFQ and subsequent generation of the screening questionnaire The sample for phase 1 of the study was randomly drawn from the South African National Database, which is the largest consumer database in South Africa and comprised a sampling frame of more than 7 million economically active adults, i.e. consumers between the ages of 18 and 65 years, at the time of the study. The sampling frame included names and addresses of 52 % white, 30 % mixed ancestry, 11 % Asian and 6 % African South Africans. A random sample of 2100 was drawn to be proportionally representative of all ethnic groups in the database, and to include at least one small town and one city from each of the nine provinces in the final sample. Since mailed questionnaires are known to have a poor response, a very large sample was mailed to ensure a response of at least 25 % (n E 500).
Ethical issues
The research proposal was approved by the Ethics Committee of the University of Limpopo, South Africa. Detailed information concerning the aim of the research was included in an introductory letter that accompanied the eighty-six-item quantified FFQ. Confidentiality and anonymity were ensured. The completion and return of the questionnaire served as indication of voluntary participation and informed consent.
Data collection and processing
The FFQ was mailed to respondents together with a prepaid return envelope. General instructions regarding completion of the questionnaire as well as specific guidelines for portion size estimation were included on the cover page of the questionnaire. After the due date for return of questionnaires had passed, a reminder was mailed to the non-responders. A second reminder followed the first one. The main researcher scrutinised each questionnaire for completeness and quality. Twenty-six out of the 580 returned questionnaires were not included in the analyses. A questionnaire was excluded from analysis if the following was found: (i) whole page(s) not completed; (ii) the same frequency of intake indicated for a number of consecutive items on the list; and (iii) unrealistically high frequencies indicated. For quantification purposes the specified serving size was multiplied with the frequency of intake. In cases where the frequency was specified as a range e.g. 1-3 times/month, the frequency was taken as the midpoint of the range.
Statistical analysis for generation of the screening questionnaire from the dietary intake database Statistical analyses were conducted using the SAS statistical software package version 6?11 (SAS Institute Inc., Cary, NC, USA). To identify food items that were the most important sources of each nutrient in question, stepwise regression analyses were performed as described by Willett (7) . According to this procedure, the food item that explains the most between-person variance in the intake of a specific nutrient is identified as the first independent variable, the food item that explains the most variance not accounted for by the first food is the second independent variable, and so on. The contribution made by a specific food item is reflected in the change in the cumulative R 2 . When the cumulative R 2 for a specific nutrient in the analyses reached 0?7, which is indicative of a correlation coefficient of 0?84, the food items in the regression model were taken as the best sources of a particular nutrient. This method identifies the food items that discriminate most between individuals rather than those that contribute to absolute intake. It should be kept in mind that the R 2 value will accumulate more rapidly for those nutrients that are highly concentrated in a few foods, e.g. vitamin C, than for those that are dispersed throughout many foods, e.g. thiamin. According to Willett (7) a limitation of this method is that if several hundred food variables are included in an original list of potential foods, some will enter as 'statistically significant' predictors on the basis of chance alone. The shorter the list of foods and the larger the sample size, the smaller is the chance of including unimportant contributors of a nutrient. The regression analyses were completed for the total group as well as for each ethnic group separately. Prominent differences in the rankings of food items between the four ethnic groups were taken into consideration in the final selection of food items to be included in the screening questionnaire.
Results and discussion of phase 1 A sociodemographic profile of the participants in phase 1 of the development procedure is presented in Table 1 . The proportions from the various ethnic groups who participated were: Africans 27 %, Indians 12 %, mixed ancestry 18 % and whites 43 %. It must be borne in mind that the ethnic profile of economically active South Africans represented in the South African National Database does not reflect the country's general demographic profile, which was 78 % African of whom 31 % were unemployed and 54 % were literate at the time of the study (25, 26) . It can therefore be said that the sample was more representative of the educated employed South African, irrespective of ethnic group, and the application of the screening questionnaire should be aimed at this particular group. Although the response rate was only 28 %, the sample size was large enough to enable us to conduct meaningful statistical analyses to derive the screening questionnaire.
The most important food sources of each of the selected thirteen micronutrients identified by the regression analyses are presented in Table 2 . A food item was finally selected for the screening questionnaire by the expert panel if it was the primary source of one or two nutrients, or a secondary source of a number of nutrients. Descriptions of preparation methods and fat content of food items were not included in the final version of the screening questionnaire (Table 3) . It was also decided to limit the recall period of the screening questionnaire to one week to reduce the memory burden on the respondent and to simplify the frequency concept. Except for the 1-3 times/month category, all the response categories included in the eighty-six-item FFQ were retained. In the final version of the screening questionnaire the respondent is not expected to indicate portion size.
For quantitative micronutrient risk assessment purposes, the daily intake of each of the thirteen micronutrients reflected by the thirty food items in the screening questionnaire can be computed by using either a standard dietary assessment program or a tailored calculation program. The actual calculation should be based on the frequency of intake indicated by the respondent using standard portion sizes. Micronutrient intake can then be compared to the relevant dietary reference intake (Recommended Dietary Allowance (RDA) or Adequate Intake (AI)) for individual risk assessment (27) . Suggested cut-off points are: serious risk, ,67 % of RDA or AI; mild risk, $67 % and ,100 % of RDA or AI; no risk, $100 % RDA or AI (28) . Phase 2: assessment of the validity of frequency reporting in the screening questionnaire
Methods of phase 2
The underlying question addressed by this phase of the study was whether the screening questionnaire provided a true reflection of the usual intake of the selected micronutrients by an individual. Construct, face and content validity of the instrument, i.e. whether it actually had the potential to reflect the usual intake of the micronutrients in question, were ensured by the process that was followed in the development of the questionnaire in phase 1. However, whether the concept of 'frequency of intake' was well understood, and whether the frequency indicated in the questionnaire was a true reflection of actual frequency of intake, needed to be assessed.
Sample
For these purposes a sample of sixty-six African and eightyfour white adult volunteers of both genders, with a sociodemographic profile comparable to that of respondents who participated in phase 1 of the study, was recruited. Recruitment drives focused on employees of two South African universities. Potential participants for the validation study were invited to attend a session during which the aim and procedures of the study were explained, after which they could volunteer for participation.
Validation method
According to Brants et al. (29) , the dietary record method is the best comparison/calibration dietary method for an FFQ because the sources of error associated with both methods are largely independent. Therefore participants in this validation study were requested to keep a 7 d estimated food record to determine usual frequency of intake of the food items included in the screening questionnaire. Each participant received a booklet that included the necessary recording guidelines, which were explained to them by a registered dietitian trained for this purpose. The respondents completed the screening questionnaire two weeks after completion of the 7 d record during a personal session with the dietitian.
Ethical issues
The protocol for phase 2 of the study was also approved by the Ethics Committee of the University of Limpopo. Each participant signed a consent form.
Data processing and analysis
Statistical analyses were conducted using the SAS statistical software package version 6?11 (SAS Institute Inc.). The 7 d records were analysed to generate an indication of frequency of intake of specific food items. For example, the number of times red meat was eaten during the recording week was counted, irrespective of the preparation method, to generate an indication of the frequency of red meat intake. Spearman correlation coefficients were computed to determine the relationship between the frequency of intake indicated in the screening questionnaire for a particular food item and the frequency of intake derived from the 7 d records.
Results and discussion of phase 2
The sociodemographic profile of the study population of phase 2 of the study, presented in Table 4 , indicates that the majority of participants were employed and educated at secondary and tertiary levels. The correlations between frequency of intake of specific food items recorded on the screening questionnaire and that derived from the 7 d record are presented in Table 5 . Significant Spearman correlation coefficients were found for twenty-two of the thirty items (r ranging from 0?24 to 0?62) in the total group (n 150), for nineteen of the thirty items (r ranging from 0?27 to 0?66) among females (n 81) and for fifteen of the thirty items (r ranging from 0?25 to 0?77) among males (n 69). When considering the gender groups within the two ethnic groups, it becomes evident that the best correlations were found for white females and the poorest for both African males and females. Generally the strongest correlations were found for food items such as red meat, milk, cheese, bread, breakfast cereal, margarine, some vegetables, citrus fruit, bananas and pears/apples. The weakest correlations were found for most vegetables, tinned fish, chicken, legumes and orange/guava juice. When interpreting these results it should be borne in mind that the screening questionnaire requests the respondent to report on frequency of intake of specific food items over the 'past week'. As the 7 d food record was completed two weeks before the screening questionnaire was completed, food items that are consumed only two times or less per month could have been recorded using one method but not the -Not consumed by African men participating in the study. other, which could explain low correlation coefficients for some items. Many of the food items for which no significant correlations were found are in fact items that are consumed less frequently by South Africans (28) . These include the following: tinned fish, peas, mixed vegetables, peanuts and nuts, sweet potatoes, fruit juices, eggs, legumes and tomatoes.
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Conclusions and recommendations for application: phases 1 and 2 A comprehensive procedure was followed to develop a questionnaire to screen the micronutrient intake of economically active South Africans. The result is a brief thirty-item FFQ (screening questionnaire) on which respondents indicate frequency of intake of each food item. Micronutrient intakes can then be computed using the indicated frequency of intake and standard portion sizes. Intakes should be compared with reference standards (i.e. dietary reference intakes) to provide an indication of deficiency risk for each specified micronutrient. The screening questionnaire can be used by researchers and health professionals to assess the micronutrient intake risk of individuals in a simplified and quick manner. The possibility of publishing the screening questionnaire, as well as appropriate guidelines to improve micronutrient intake where necessary in the lay media or on the Internet, can be considered.
Finally, as the screening questionnaire was developed for use in economically active South Africans, its application in screening the micronutrient intake of other groups of South Africans individuals, including those in the lowest socio-economic groups who may be less economically active and even illiterate, is not recommended without further assessment of the screening questionnaire's validity in such groups of individuals.
